Cyclic Oxidation Behavior of an EB-PVD CoCrAlY Coating Influenced by Substrate/coating Interdiffusion  by LIANG, Tianquan et al.
8                       
 
Contents lists available at ScienceDirect 
Chinese Journal of Aeronautics 
journal homepage: www.elsevier.com/locate/cja 
Chinese Journal of Aeronautics 25 (2012) 796-803
Cyclic Oxidation Behavior of an EB-PVD CoCrAlY Coating     
Influenced by Substrate/coating Interdiffusion  
LIANG Tianquana,b, GUO Hongbo a, *, PENG Hui a, GONG Shengkai a 
a School of Materials Science and Engineering, Beihang University, Beijing 100191, China  
b School of Materials Science and Engineering, Guangxi University, Nanning 530004, China  
   Received 30 June 2011; revised 19 August 2011; accepted 24 October 2011   
Abstract 
To reveal the influence of substrate/coating interdiffusion on the cyclic oxidation property of a metallic coating, cyclic oxida-
tion behavior of an EB-PVD CoCrAlY coating on directionally solidified Ni-based superalloy DZ125 at 1 050 oC is investigated. 
The 40 m thick CoCrAlY coating has a cyclic oxidation life of around 160 h, and the oxidation constant is 1.915×         
107 mg4·cm8·s1. However, severe spallation of the oxides containing Co, Cr, Ni, Ta and Ti occurs with longer cyclic oxidation. 
The degradation in oxidation resistance for the coating is related to the depletion of Al due to the oxide spallation and interdiffu-
sion. Severe interdiffusion between the coating and underlying substrate occurs at 1 050 oC. The composition of the substrate has 
an important effect on the thermal cycling lifetime of the coating. The influencing mechanism is discussed. 
Keywords: CoCrAlY coating; cyclic oxidation; degradation; interdiffusion; substrate composition 
1. Introduction1 
Thermal barrier coatings (TBCs) have been widely 
applied to the turbine sections to enhance the efficiency 
of modern gas engines by protecting from oxidation 
attack and high temperature hot corrosion (HTTC) 
during service at elevated temperature [1-5]. Usually, 
TBCs are composed of the MCrAlY bond coat (BC) 
and the ceramic top coat [6]. Herein, MCrAlY bond 
coats (M= Ni, Co or both) have been widely applied to 
the gas engine blades surface in order to protect them 
from high-temperature oxidation and corrosion to pro-
long the lifetime [7-8]. Otherwise, the advantage of 
MCrAlY coating is that their composition can be spe-
cifically designed and therefore manufactured to match 
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specific environment conditions [9]. 
Many researches have been conducted to investigate 
the high-temperature oxidation resistance for the bond 
coatings, which mainly focused on the oxidation resis-
tance at high temperature. There are also a few papers 
on the oxidation resistance influenced by the substrate 
composition due to interdiffusion between the bond 
coating and the underlying superalloy [10-15]. However, 
the above researches have mostly focused on the oxi-
dation behavior of Ni-based coatings on Nickel-based 
superalloy. Also, there are a few papers [16-19] on oxida-
tion behavior of Co-based coatings (spraying, sputter, 
diffusion coatings, etc). Cyclic oxidation behavior of 
EB-PVD Co-based coatings resulting from interdiffu-
sion between the Co-based coatings and Ni-based su-
peralloys has not been emphasized. Interdiffusion be-
tween the coating and underlying superalloy has a very 
significant effect on the nucleation, growth and adher-
ence of thermally grown oxide scale and finally gov-
erns the thermal cyclic lifetime of CoCrAlY coating. 
Furthermore, the chemical composition has an impor-
tant impact on the oxidation performance of the metal-
lic coating, and special attention should be paid to the Open access under CC BY-NC-ND license.
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influence of substrate elements such as Ni, Ti, Ta, W 
and Hf diffusing into the coating on cyclic oxidation 
behavior. Considering this, it is necessary to carry out 
investigation on the influence of substrate/coating in-
terdiffusion.   
CoCrAlY alloy has been used as a protective bond 
coating for hot components in the modern aeroturbine 
engines. The directionally solidified Ni-based superal-
loy DZ125 has been widely used for advanced gas tur-
bine engines for its excellent performance at high tem-
perature. Severe interdiffusion between the substrate 
and the coating in DZ125/CoCrAlY occurs when ex-
posed at high temperature. As yet there have been few 
reports about oxidation property of EB-PVD CoCrAlY 
coating influenced by the chemical composition of 
DZ125 at high temperature. The influence of mecha-
nism on thermal cycling lifetime of the coating is dis-
cussed in detail. 
2. Experimental Procedure 
The directionally solidified Ni-based superalloy 
DZ125 used as the substrate was cut into rectangles of 
approximately 20 mm×15 mm×3 mm. The normal 
chemical composition of the DZ125 is listed in Table 1. 
Table 1  Nominal composition of the superalloy DZ125 
Element Ni Cr Co W Mo 
wt
 Bal. 8.4-9.4 9.5-10.5 6.5-7.5 1.5-2.5 
Element Al Ti Ta Hf B 
wt
 4.8-5.4 0.7-1.2 3.5-4.1 1.2-1.8 0.01-0.02
 
The surface of the specimen was perpendicular to 
theǇ001ǈdirection of the superalloy. After mechani-
cally polished with 800 grit silicon carbide emery pa-
per, the specimens were cleaned in ultrasonic bath with 
alcohol and acetone. And then a CoCrAlY coating was 
deposited on fabricated DZ125 by electron beam 
physical vapor deposition (EB-PVD). The average 
thickness of coating was about 40 m. In order to 
achieve a homogenous microstructure of the CoCrAlY 
coating and enhance the adherence to the substrate by a 
certain interdiffusion, the coated samples were an-
nealed for 4 h at 1 050 SC in vacuum, shot peening, 
and followed by 2 h annealing at 1050 SC to form a 
pre-oxide scale on the surface of coating [20]. Cyclic 
oxidation was carried out at 1 050 SC in air furnace to 
investigate the cyclic oxidation behavior of the 
EB-PVD CoCrAlY coating on DZ125. The procedure 
of the thermal cyclic tests includes two stages: 50 min-
utes heating to 1 050 oC and duration; 10 minutes cool-
ing to ambient temperature by forced air. The samples 
were weighed after cooling to ambient temperature in 
accordance with the designed experimental interval.   
After cyclic oxidation test, the surface phase struc-
ture of the coating was characterized by X-ray diffrac-
tion (XRD, D/max2200PC). The morphologies of the 
surface oxides were observed by a CAMSCAN 3400 
scanning electron microscope (SEM) equipped with 
energy dispersive spectroscopy (EDS) and back scat-
tering electron (BSE) detector. For cross-section ob-
servation, the specimens were mounted in epoxy resin 
after thermal exposure and sectioned, and were me-
chanically wet-polished and rinsed in ultra-pure deion-
ized water. The chemical compositions along the coat-
ing/substrate were examined by electron probe mi-
cro-analyzer (EPMA, JXA-8100). Both SEM and 
EPMA were operated at 20 kV.  
3. Results and Discussion 
3.1. Kinetics of cyclic oxidation 
Figure 1 shows the kinetic curve of the EB-PVD 
CoCrAlY coated on DZ125 during cyclic oxidation at 
1 050 SC. The oxidation behavior of the coating has 
three stages: initially fast oxidation, then steady mi-
cro-increment and again fast growing (Fig. 1(a)). The 
increment of the CoCrAlY coating is about 0.37 
mg·cm2 in mass gain during the initial 15 h oxidation. 
And the CoCrAlY coating yields mass gain of     
0.55 mg·cm2 within 160 cycles, and 0.85 mg·cm2 for 
the 300 cycles. It is indicated from the results that the 
mass gain curve sustains a slow and steady increment 
during 50 to 160 cycles (Fig. 1(a)), while it grows fast 
after 160 h. It is believed that there is an occurrence of 
catastrophic spallation of the alumina scale on the sur-
face after 160-cyclic thermal exposure. Figure 1(b) is 
the curve of the (W)4-t for the coating after cyclic 
 
Fig. 1  Cyclic oxidation kinetics curves of CoCrAlY coating 
on superalloy DZ 125 at 1 050 SC (a) mass gain and 
(b) (W)4-t.  
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oxidation at 1 050 SC. It is indicated that the coating 
does not follow parabolic law but higher power law. 
The spallation of scales on the surface accelerated the 
degradation of the coating [18]. The coating would un-
dergo accelerating oxidation attack after 160 cycles. 
The total mass gain increases greatly with the exposed 
time. The fluctuation of the mass gain curve is due to 
the repetition of the growing and spalling scales on the 
surface of the coating.  
It is observed that the cyclic oxidation behavior of 
the coating follows 4th power law in the initial 160 
cycles of the test (Fig. 1(b)). The oxidation constant kp 
is determined based on the high-temperature oxidation 
equation [21]. And the calculated value of kp is about 
1.915×107 mg4·cm8·s1 at 1 050 SC.   
 
4
p( )  "W k t   (1) 
where W  is oxidation increment, mg·cm2; kp oxi-
dation constant, mg4·cm8·s1; and t oxidation time, s.  
3.2. Microstructures and morphologies  
The XRD patterns of the EB-PVD CoCrAlY coat-
ings are shown in Fig. 2. The as-deposited EB-PVD 
CoCrAlY coating mainly consists of 	-CoAl, -Co 
solid solution (ss) phases and small amount of -CoCr 
phase (as shown in Fig. 2(a)). The 	-CoAl phase is 
identified as a body-centred-cubic (bcc) lattice with 
parameter of a=2.86 Å and -Co is face-centred-cubic 
(fcc) lattice where a=3.54 Å. The  is characterized as 
a tetragonal lattice with parameters of a=8.81 Å and 
c=4.56 Å. After 4 h annealing at 1 050 SC in vacuum, 
the CoCrAlY coating exhibits a two-phase structure 
due to the disappearance of  phase (Fig. 2(b)). An-
other change of the coating is that the max peak of the 
XRD pattern of the coating after 4 h annealing in vac-
uum is different from that of the as-deposited. The dif-
fraction intensity of  phase is stronger than that of 	 
phase, indicating that the phase transformation such as 
the reduction of 	 phase and the increase of  phase 
occurs in the CoCrAlY coating during annealing. The 
element Cr is solid dissolved in the predominant phases 
of the coating. Figure 2(c) indicates that the 	-CoAl 
phase disappears after 160-cyclic thermal exposure at  
1 050 SC, and the alumina and the spinel oxides are 
detected on the surface of the coating. The spinel ox-
ides such as CoAl2O4 and NiAl2O4 are detected on the 
surface of the coating after 160 thermal cycling. From 
the XRD patterns, it is found that the Al-rich 	-CoAl 
phase is transformed to Al-deficit phase -Co phase, 
and the diffraction peak of  phase becomes higher 
with exposure time. Actually the -Co phase is -CoNi 
solid solution (ss) due to the presence of abundant Ni 
from the substrate and absolute solid-solution between 
the Co and Ni. The Co-based -Co (ss) becomes 
-CoNi (ss) after exposure for 160 cycles, just as re-
ported in our previous work [22]. With prolonging ex-
posure time, the  becomes the predominant phase 
while the 	-CoAl phase decreases gradually (Figs. 
2(a)-(d)). The reduction of Al-rich 	-CoAl phase re-
sults in the degradation of oxidation resistance of the 
CoCrAlY coating. When the 	-CoAl phase disappears 
entirely from the coating, the coating cannot form a 
continuous surface alumina scale and leads to the de-
velopment of spinel type of non-protective oxides. 
 
Fig. 2  X-ray diffraction patterns of CoCrAlY coatings of (a) 
as-deposited, (b) after 4 h annealing in vacuum, and 
after (c) 160 and (d) 300 thermal cycling at 1 050 SC. 
Figure 3 shows the surface and cross-sectional mor-
phologies of EB-PVD CoCrAlY coating. The diameter 
of the columnar crystal is less than 2 m in the 
as-deposited coating (Fig. 3(a)), and its typical colum-
nar microstructure consists of periodic arranged 	 and 
 phases (Fig. 3(b)). The chemical composition of the 
as-deposited CoCrAlY coating is shown in Table 2. 
The 	 and  phases are coarsening after 4 h annealing 
at 1 050 SC (Figs. 3(c)-(d)), which is obvious at the 
bottom area of the coating. The chemical compositions 
of the two main phases are given in Table 3. The 	 
phase contains 15.29 wt
 Al and 65.13 wt
 Co, while 
they are about 6.09 wt
 and 67.59 wt
 in the -Co 
phase, respectively. Thus, it is clear that more Cr is 
solid dissolved into the -Co phase. 
 
Fig. 3  Surface and cross-sectional morphologies of CoCr- 
AlY coating (a)-(b) as-deposited, and (c)-(d) after  
4 h annealing in vacuum at 1 050 SC.  
Figure 4 shows the surface and cross-sectional mor-
phologies of the specimen after 160 thermal cycling. 
Catastrophic spallation of the scale occurs on the coat-
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ing as shown in Fig. 4(a). Only small areas are covered 
by alumina scale, and most are covered by spinels such 
as Co(Al, Cr)2O4 and NiAl2O4. The chemical composi-
tions of different areas on the surface of the coating are 
given in Table 4.  
Table 2  Chemical composition of as-deposited CoCrAlY 
coating 
Elements Al Cr Co Y 
wt
 8.93 22.91 67.98 0.18 
at
 17.16 22.86 59.88 0.10 
Table 3  Chemical compositions of  and  phases in the 
coating after 4 h annealing in vacuum at 1 050 °C 
	-CoAl -Co 
Element 
wt
 at
 wt
 at
 
Al  15.29 27.67 6.09 12.03 
Cr  19.57 18.38 26.32 26.93 
Co  65.13 53.96 67.59 61.04 
 
Table 4  Chemical composition of areas corresponding to 
Fig. 4(a)  
wt% 
Areas A B C D E 
O 37.74 27.77 18.08 12.03 18.26 
Al 40.29 16.20 - 3.94 1.86 
Ti 0.05 0.21 0.26 0.50 0.70 
Cr 4.60 13.66 5.52 38.50 7.70 
Co 16.15 23.11 57.29 35.51 57.49 
Ni 1.17 9.96 12.61 4.62 9.71 
Hf - 5.23 1.88 1.33 2.61 
Ta - 0.34 0.12 1.27 0.48 
W - 3.52 4.24 2.30 1.19 
 
Fig. 4  Morphologies of CoCrAlY/DZ 125 after 160 thermal 
cycling at 1 050 SC (a) surface, (b) spallation zone, 
(c) energy dispersive X-ray spectrum illustrating the 
elemental composition of the edge of the voids cor-
responding to that marked in (b), (d) porous surface 
and (e) cross-section. 
Except for zone A covered with Al2O3 scale, the 
others are mainly covered with spinels. Many substrate 
elements such as Hf, Ti, Ta and W are detected on the 
spallation zone of the coating (Figs.4(a)-(c) and   
Table 4). It is indicated that significant outward diffu-
sion of elements from the substrate to the coating oc-
curs. The oxide marked in zone E is identified as CoO. 
Figs. 4(b)-(c) show that there is certain content of Ta 
and Ti containing oxides around the voids. The pres-
ence of Ti and/or Ta is detrimental to the adherence of 
thermally grown oxide (TGO) to the metallic coating 
due to the formation of (Ta, Ti)-rich oxides at the in-
terface of TGO-coating [11-12]. Furthermore, the com-
pound oxide scale consisting of TiO2 and Al2O3 has big 
inner stress and is easy to crack and spall, because the 
body-centered tetragonal TiO2 cannot conjugate with 
hexagonal Al2O3. The morphologies as zone B is the 
newly spalling zone due to the decohesion of the 
TGO-coating by coalescence of vacancies. And the 
porous-structural surface of the coating can be ob-
served after oxidation for long term (Fig. 4(d)). It is 
probably due to the formation of volatile substance. 
From the cross-sectional image, it can be found that 
severely inner oxidation occurs (Fig. 4(e)). Local spal-
lation of the scale on the surface can also be seen. The 
outer oxides on the surface of the coating are mainly 
oxides enriched with Co, Ni and Cr, which are 60.27, 
19.22 and 11.97 (in wt
), respectively. The Al con-
centration in the ~15 m thick Al-depleted zone is only 
4 wt
 (Table 5), while it is about 5.5 wt
 in the coat-
ing with remaining 	 phase. 
Table 5  Chemical composition of Al-depleted zone in the 
CoCrAlY coating after thermal cycling   
wt% 
Cycle Al Ti Cr Co Ni Hf  Ta W 
160 4.06 0.19 17.91 52.54 22.35 0.33 0.28 2.34
300 3.75 0.37 17.14 33.21 39.78 0.83 0.64 4.28
 
Figure 5(a) shows the morphology of the oxide scale 
on the surface of the coating after 300 thermal cycling. 
Many spalling zones and creaks in the remaining scales 
are observed on the coating surface. The presence of 
cracks will lead to an occurrence of catastrophic spal-
lation during cooling from high temperature to room 
temperature. The oxides on the surface contain certain 
amount of Co, Cr and many substrate elements such as 
Ni, Ti, W and Ta (Fig. 5(a) and Table 6). During further 
thermal exposure, the oxides of Co, Cr and Ni will 
react with the alumina and then form the spinel. The 
tetragonal TiO2 is not coherent with the hexagonal 
Al2O3, resulting in the growth of internal stress in the 
scale. At the same time, other spinels such as CoAl2O4 
and NiAl2O4 in the alumina scale will accelerate the 
propagation of creaks and the spallation of oxides. Dis-
continuous and non-protective alumina scale is ob-
served on the surface of the coating (Fig. 5(b)). The 
coating is absolutely depleted in Al (Fig. 5(b)) with 
only 3.75 wt
, which is less than the required level of 
about 6 wt
 [23]. More than 38 wt
 Ni is detected in 
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the coating. It is interesting that there is small amount 
of 	 phase (dark phase) detected in the IDZ. 
 
Fig. 5  Morphologies of CoCrAlY/DZ 125 after 300 thermal 
cycling at 1 050 oC (a) surface and (b) cross-section. 
Table 6  Chemical composition of areas corresponding to 
Fig. 5(a)   
wt% 
Area O Al Ti Cr Co Ni Ta W
A 2.07 6.09 0.85 17.92 31.76 37.61 - 3.70
B 42.79 34.07 1.56 11.93 0.68 0.80 8.18 -
 
Figure 6 shows the element profiles along the bro-
ken line in Fig. 4(e) by a step of 5 m for CoCrAlY 
coating on DZ125 after 160 thermal cycling at       
1 050 °C. Significant increment of Ni in the coating is 
observed (Fig. 6(a)). The level of Ni is about 20 wt
, 
and about 2 wt
 W is detected in the coating after 160 
thermal cycling. Compared to that in the as-deposited 
coating, the decrease in Co is about 15 wt
 while it is 
5 wt
 in Cr. A small number of substrate elements 
such as Hf, Ti and Ta are detected in the coating (Fig. 
6(b)), and the contents are about 0.35, 0.2 and 0.3 (in 
wt
), respectively. 
 
Fig. 6  Element profiles along the thickness of the specimen 
after 160 thermal cycling at 1 050 SC for elements of 
(a) Al, Cr, Co, Ni, W and (b) Ti, Hf and Ta.  
Figure 7 shows the element profiles of CoCrAlY 
coating on DZ125 after 300 thermal cycling. The ex-
amination is conducted along the broken line marked 
in Fig. 5(b) by a step of 10 m. The Co content in the 
coating decreases sharply, from 68 wt
 to 33 wt#
, 
while Ni increases greatly by about 40 wt
, as shown 
in Fig. 7(a) and Table 5. From the element profiles, it 
can be found that the level of Al decreases from 8.93 
wt% to 3.75 wt
, and that of Cr decreases from 22.9 
wt% to 17.14 wt
. Simultaneously, many substrate 
elements such as W, Hf, Ti and Ta are detected in the 
coating (Fig. 7(b)), whose contents are 4.28, 0.83, 0.37 
and 0.64 (wt
), respectively. The contents of these 
elements are about 3 times that of the 160-cycled 
coated specimen (Fig. 6(b)).  
 
Fig. 7  Element profiles along the thickness of the specimen 
after 300 thermal cycling at 1 050 SC for elements of 
(a) Al, Cr, Co, Ni, W and (b) Ti, Hf and Ta.  
A certain amount of Ta, W, Ti and Hf is detected 
from the residual oxides on the surface of the coating 
after cyclic oxidation, and the levels increase with the 
thermal exposure time. Too much content of these ele-
ments will contribute to surface oxides spallation, as 
shown in Fig. 4(a) and Fig. 5(a). The content of Ta is 
more than 1.2 wt
 after 160 h oxidation, while it is 
more than 8.0 wt
 in certain local zone after 300 h 
oxidation. The level of W is usual as high as 4.3 wt
 
within the oxides. The refractory element W will form 
a volatile substance after exposure for long term at 
high temperature. Too much Hf in the coating will en-
hance the oxidation rate and promote the inner oxida-
tion inside the coating. On the other hand, the substrate 
elements such as Ta, Ti and Hf in the coating will react 
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with the Al2O3, and then form spinel phases. This indi-
cates that too many other oxides inside the Al2O3 on 
the surface coating will accelerate the degradation of 
the coating owing to spallation, and that the scale on 
the coating cannot provide protection will accelerate 
the outward diffusion of the substrate elements. Then a 
second fast oxidation rate occurs (Fig. 1(a)). Further-
more, the spallation of the scale will promote the de-
pletion of Al of the coating, which also degrades the 
oxidation resistance. 
3.3. Evaluation of oxidation performance 
The degradation lifetime of the coating can be ap-
proximately evaluated by the equation by Liu and Li-
ang [24]: 
2
m 2
1 2exp( ) exp( )
2 2

     
at
Q QP Q
RT RT
 
(2) 
where tm is oxidation degradation lifetime of the coat-
ing, and a is the thickness of the coating containing 
	-CoAl phase. The constants P, Q, Q1 and Q2 are not 
relative to thermal exposure temperature T or time t. R 
is 8.314 J·mol1·K1. These values of the constants can 
be obtained from the calculation of diffusion rate of Al 
in the 	-CoAl phase base coating [25]. The constants P 
and Q are relative with the diffusion rate of Al in the 
coating, and P is the outward diffusion from the coat-
ing to the scale while Q is inward diffusion from the 
coating into the superalloy. For the inhibition effect of 
the coating layer, it is due to the formation of the 
Al-depletion zone and the interdiffusion zone resulting 
from the inward diffusion of Al from the coating to the 
substrate. The two zones will have certain impact on 
the inward diffusion rate of the Al. The quantified Q is 
an approximate value, and its value is that of diffusion 
rate in -Co because it is the matrix phase in the 
Al-depletion zone. P and Q are 6.644×1015 m·h1/2 
and 600.875×1015 m·h1/2, respectively. Q1 and Q2 are 
the activation energy of oxidation reaction and diffu-
sion of Al ions in fcc -Co, respectively.  
In the present work, the content of Al in the 
as-deposited CoCrAlY coating is about 8.93 wt
 (Ta-
ble 1), and the mass fraction of 	-CoAl phase in the 
coating is about 27.6
 [22]. The equivalent thickness of 
the coating only containing single 	-CoAl phase is 
about 11 m. According to Eq. (2) and the constants 
given above, the calculation of oxidation degradation 
lifetime of the CoCrAlY coating is about 152 h. It is 
well consistent with the experimental lifetime of the 
coating.    
The oxidation lifetime of the coating is usually con-
sidered to be related to the Al reserve to form the pro-
tective -Al2O3 scale. During exposure, the Al2O3 
forms when exposed to high temperature and it will 
peel from the surface of the coating in the process of 
forced air cooling when it reaches the critical thickness 
and Al element is depleted. It is indicated that the main 
degradation of the CoCrAlY coating is the depletion of 
Al due to oxidation and inward-diffusion into the sub-
strate. 
The depletion of Al is mainly owing to oxidation, 
spallation of aluminide scale and inward-diffusion to 
the underlying substrate, while that of Co and Cr are 
mainly owing to inward diffusion to the underlying 
superalloy. After 300-cyclic oxidation, the concentra-
tion of Ni in the coating is more than that of Co, re-
sulting in the significant phase transformation in the 
coating. The matrix phase of the coating is -NiCo 
solid solution (ss), as identified in Fig. 2(d). More Ni 
diffusing into the coating and Al diffusing into the sub-
strate result in the formation of IDZ in the superalloy 
by the phase transformation such as -Ni3Al + 2[Al] 
 3	-NiAl and 3-Ni + [Al]  -Ni3Al 
[26]. This 
results in the further reduction of / matrix and the 
formation of 	 phase. This leads to segregating the 
refractory elements that diffuse outward into the coat-
ing under the chemical potential gradient. 
Although the presence of a certain amount of Hf in 
the coating is beneficial to the adherence of 
scale-coating[13,14,27], no continuous alumina scale cov-
ers the surface of the coating due to deficient Al whose 
concentration is too low to form a new integrated scale. 
When depleting Al in the coating, the spinel phases are 
formed on the surface of the coating, resulting in the 
inner stress within the scale. This contributes to pro-
moting the propagation of cracks and the spallation of 
the scale. The integrity of protective scale will be 
damaged during thermal cycling, and catastrophic fail-
ure of the coating occurs. For instance in this work, the 
presence of Ti in the scale is deleterious to the stability 
of the surface scale owing to the formation of TiO2 at 
the scale-coating interface [28]. The compound oxide 
scale consisting of TiO2 and Al2O3 has great inner 
stress and is easy to crack and spall due to the bad 
compatibility of the body-centered tetragonal TiO2 with 
hexagonal Al2O3 
[12]. A high interfacial stress will be 
introduced and thus the resistance of the scales to spal-
lation decreases [29-31]. Tawancy, et al.[11] reported that 
the presence of Ta on the surface of coating also pro-
motes forming void, especially co-existing with Ti. On 
the other hand, the presence of W, Cr in the scale is 
detrimental to the integrity of the protective scale ow-
ing to forming volatile substance and porous structure 
of the oxides at high temperature[14,32-36]. As a conse-
quence, more Al is depleted not to heal the former ox-
ide scale, and the coating degrades more rapidly. 
It is noteworthy that the cyclic oxidation behavior of 
the coating is affected by many factors such as the 
temperature, exposure time and the chemical composi-
tion. The cyclic oxidation lifetime of the coating on a 
superalloy is influenced by the oxidation and interdif-
fusion between the coating and the underlying super-
alloy. The degradation in oxidation resistance for the 
metallic coating results from the depletion of Al due to 
oxidation and interdiffusion. Moreover the degradation 
of the coating is affected by the substrate elements that 
diffuse into the coating and the scale. Some of these 
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substrate elements are significantly detrimental to the 
integrity and the adherence of the protective scale on 
the surface of the coating although some of them are 
beneficial to the scale.  
4. Conclusions 
1) The 40 m thick EB-PVD CoCrAlY coating on 
DZ125 has a cyclic oxidation lifetime of around    
160 h at 1 050 SC. The oxidation rate is 1.915×107 
mg4·cm8·s1. 
2) The degradation in oxidation resistance of the 
CoCrAlY is related to the depletion of Al in the coating 
due to oxidation and interdiffusion.  
3) The substrate composition has an important in-
fluence on the thermal cyclic degradation lifetime of 
the coating. Outward diffusion of substrate elements 
such as Ta, Ti and W from the substrate will accelerate 
spallation of the oxide scale.  
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